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Article

Computers in Scientific
Instrumentation

The 111011(w is a pricessor of .heml~ry at Michigan

C. G. Enke Stale University. East Lansing 4824.

In the beginning lahot .0 years, ago).
n then nl computer( wert larg % and very Summary. The rapid evolution of computer applications in scientific instrumentationepensive, they exited only in thc inner is briefly traced from early data processing to modem computer-based instruments.pancta o the computer centers otl i arge Computer and interface developments have b'tkcontributed to this evolution. The

institutions. Most programs and data form of the computer used strongly affects the ease of instrument operation and the
were carried to the computer in the form degree of functional adaptability. Probable pathways toward instruments with in-

cards and the line printer creased "intelligence"include the development and intelligent control of powerfulof punched 'as ad her inedayinter .multidimensional" instruments, the implementation of hierarchical computer net-
!tphen, at ome point in the steady de- works and multiprocessor controllers, and the simplification of programming. Thecrahe in thc size and cost of computers. imporance of the scientist's involvement in these developln s is discussed.

the minicomputer entered the scientific
laboratory. It en4bled the computer to
collect -data directly from the instru- In Ihis aiticle. I will discuss stittie tsr Attchmnt. Absorplo, tit'
ments and also perform some limited the benefit% of instrumenl complteriza-

data processing. This was the beginning fion and %ome (if the lorni conpuitcri/ed Transformltion
of computers in scientific instrumenla- intrtuticritls can take. Siuce instruments
tion, and for many scientists the "labora- and other devices that incorporate corn- For direct application in scientific in-
tory computer" became a new and excit- puler are now sonruelimcs called inlclli- strumentation the computer mutst be able
ing tool (1). When the computer was gent, it is fair to wonder what new fune- to acquire data from one or more sensors
dedicated to a single instrument. it was tions "intelligent" instruments will pro- in the instrument and control some as-
able to control the instrument and per- vide. Possible improvements in both the pects of the instrument's operation. The

form the dala collection process. Early convenience and the capability of instru- circuits that provide these key links in
applications of dedicated comptters ments will be discussed, as well as the the instrument-computer interaction are
were all with cosily ins iomcnls suich as factors that now appear to limit the rate called interfaces. As shown in this see-
x-ray diflractonelcl,,. bill as computer% or extent of improvement. We are cer- tion, the ease of interfacing determines
Sontinicd to decrCae in cost and s/e. tainly not limited by computer technolo- the degree ofinvolvemcni ofthe compul-
so did the scale of instrumenl to which gy itself; the hardware has much more er in the instrument functions and thus
they cotild he dcdicaled. tIhe last great capability than is exploited in current strongly affects the sophistication of the
leap in this evolution has been the incor- instrumentation. However, it is not clear resulting computerized instrument. The
poration of the remarkably inexpensive which disciplines and institutions will concurrent evolution of both computing
and tiny microproccssoi to instruments provide the concepts and devices needed systems and interfacing technique% has
or every type from speclropholomcters for the new breed of instruments, been essential in achievingi the present
to balances and pH meters, state of the art.
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2.
boa isiilo. Cmputn hve Aler-version devices has greatly influenced

ad elhda" Co nwaif aM CA muaaly inS a saigle Chansel (serial the pace and nature or the development
a bus, IwW M s i 1-- II Pt waY c form) or simultaneously A multiple of computer-based instruments.
shxa ~dal l ureso desltinationsg channels ipm e lelfrmt). The CPU bus Attachment. In the first applications or

d 4ata are connected to the central ues parallel digital lines for data an computers to wcientific instrumentation.
prnessing unit (CPU) (2). The CPU and aftess communication. Data are frns independent and separately viable in.
bus In the computer are analogous to the miekd on the bus only at appropriate struments and computers were simply
brasin and spenal cord in the body AN *n adtrie d bycotolsgn. attached together. The combination was
dat on the bus are in digital form- Am plthe CP efaemutaco.ls conceptually simple. but in practice the
signals in one or two states (high or low). A opeeitraems copih interface for each interaction between
Each such signal represents I bit (binary two tasks: conversion of the data lbe- instrument and computer was often spe-
digit) of information. A combination of x Inman the form used in the instrument cialized. complex. and expensive. Much
bits, called a word can encode any inte- adteprlldgilfomanmn- of the 1-0 port and conversion circuitry
ger from 0 to r.l. Digita wood can be~ agment of the mtWorointe transfer of Wa to be custom designed with hun-
transmitted by sending the bit signals the parallel digital data 1o or from the dreds of small components. In this stage.

F Cntrl pocesin -CPU data bin. As illustrated in Fig. 2. the computer-instrument interaction was
rthe bus transfer process is performed by often limited to collecting the data and

Centr~ ~ ~ ~ Imtpocsiguntipt part sa oupu pot or combi- controlling only the variable normally
Arithmetic nation input-output (1-0) portsl. Data scnebyteitrm t.Ts ha-

cuntstorage in the port allows it to exchange sane teitrm t.Tscha-
gdata with the instrument in real-world terizes the attachment phase in the in-

time and with the computer on comma-d stnument -computer relationship. From
Conrolfrom the CPU. Conversion of the data to these early associations, the power of

logicRtgiscirsthe computer to control instruments as
or from parallel digital encoding requires welaprcsdtabgnobeprci
da-chnino the encoding quantity at sed.

doan ftedata. Absorption. In recent years the task of
tottunately. there is only a limited interfacing has been greatly simplified by

_i 7 nu mmber of way% in which data can he the availability of integrated circuit 1-0
L------------------electrically encoded, and these fatll into ports, which permit easy connection to

three categories of domains: analog. I imc the CPU bus and dramatic improve-
Mcmrvand digital (3). Digital domain encoding meals in the capability, economy, and

has keen described above. In the analog ease of application of data conversion
domains, the data are encoded as the devices. The digital output or an analog-

Keyboard magnitude of an electrical quantity (volt- to-digital converter (ADC) or counter or
ADC age, current, charge, or power). When the digital input of a digital-to-analog

Input h~ the signal information is in the time of converter (DAC) can be connected to a
Tae the signal variation rather than its ampli- parallel 1-0 port for a complete interface.
Disc tude. the data are in one of the time The neiCJ'i. conotem a viesa

domains; data encoded as frequency or motivated great improvements in the
---Display pulse width are examples. Since there cost, performance. and size factors in

Oupt -- Printer are so few electrical data domains. only a ADC's and DAC'% for analog conver-
--erac so DAC few types of domain converters are sions and in digital counter, and clocks

Tape needed to interface a large variety of for frequency and time-interval conver-
instrument functions. As discussed be- sions. With bus support for an almost
low, progress in both 1-0 ports and con- unlimited number of 1-0 ports and the

Addres busFig. 2. Parallel 110 in-
Addres. hutterface between the

id converters. The input
.'" and output ports con-

* nect domain convert-
Pip. 1. Structure of a basic digital computer.- ir'aporit fr
The CPU acquoires and executes the instruc- te are-oridadevior
lion%. The prograim is %torcd in a sction of t the CPU-Aol bit' lat

* memory reserved (or that purpose, [he CPU. : transfer-, are synchro-
*supervises communication along the shared ni~ed by the "hand-

data hus hy uising the address bus to specify Ishaking signatl%,
the source or desi init ion of the data. The R I- )11ray mdIaq
pirtgram counter supplies the address of the request. (Prom 421.1
instruction to he executed. The control bus %rutfes
contains data direction, timing, and special - t-
control signals, I(From (2).1



vfdhi y of simple Od inexpensive same confros and from meter displays two models described below: that of the
Ib .k is my to m m or I- ,earalsr obell.i information about general-purpose computer and that of

oven all of the sensing and control sie- *e -- rating mode and performance of the smart process controller (4). Which
mess of the instrument to the computer. the instrument. This familiar mode of of these models is used in the instrument
This allows the computer to be involved inleraction with the instrument changes design has a profound influence on the
is many more instrument functif s than drstically when these selections, adjust- nature of the operator-instrument inter-
scanning and data crillecting. N~ exam, meats, and quantities are brought under action.
pli the computer can provide automatic s control or monitoring of the comput- MinilMicro-p-puters. A general-pur-
scction of the measurement sensitivity or. Only for a 17rief lime during the pose computer system provide, ways to
for improved dynamic range and pres- atachment phase wer instruments store a large number of programs. to
sure% and temperatures can e moni- made that provided a manual override tmodify programs, and to add new pro-
tored for safe stan-up, orderly shut- for every computerized function. Dual grams to the repertoire. The most com-
down. and appropriate operating condi- modes of control eliminate the economic mon storage system is removable mag-
tiorI. If imtrtnent comrtens fire inter- advantages of replacinr .iechanic-' con. attic disk or tape because it provides a
faced as well. the coipuster can test and itrol with electrical sig-als, Thus to se- huge off-line storage capacity as well as
adjut any or all of the instrument param- lect or -bserve parameters that the com- the medium for the introduction of new
eleri siud perform the controller function puter controls and monitors. the opera- programs. The desired programs. or
in the dynamic feedback control of these tor must interact with the computer, large fragments of them. arc loaded from
parameter% (2). As more functions of the Many devices and techniques are being magnetic storage into computer read-
instrument are brought tinder computer used for this interaction and %till more write memory prior to execution. An
control and the number of interfaces are under development. but no single important part of a general-purpose com-
grows, the computer increasingly be- "best" approach has yet been found. I puter is the operating system, a clcec-
comes an integral part of the instrument. this section. somi of the problens and tion of programs that performs the
As the distinction between computer and options in the interaction belween oicla- chores of locating and transferring pro-
instrument disappears and the instru- tors and computerized instruments are grams and data between memory and the
ment can no longer function as an inde- explored, magnetic storage devices. Most operat-
Pendent unit, the traditional concept of I l/.rIlr-itlrlI"IPInliUhr'ugliOO. Ihe ing systems also include programs for
separate instrument, computer, and in- statelcnt that a particular funclkin is editing and compiling new programs for
terface becomes obsolete, Most current under compiter cor 't means two tending common computer peripherals
examples of computers in scientific in- things: the function Is :- ::-faced to the such as terminals. printers, and commu-
strumenlation are in this absorption computer bus and there exists a set of nication couplers. The operating sys-
phase in the instrument-computer rela- instructions (a program) for the comput- tem's programs for disk and tape man-
tionship. er to follow to achieve the desired opera- agement and peripheral control can also

Transformation. Signs of the iransfor- tion. In selecting one of the available be uased by the programs that control
mation stage in the relationship are functions of an instrument, the operator instrument operation. To siupport twe op-
emerging, however. In this phase. "com- directs the computer to the program that. erating system, the computer must have
ptiferiatin" of traditional instrunuenta- when executed, will implement that magnetic storage, a large am unt (if
tion will yield to the developnenl of new function. By sdeciaq par"c v oarlpro- read-write memory, and a standaid corn-
types of instruments hased on principles grams in an optical instrument, for exam- puter terminal (as in Fig. I). Independent
of measurement and control that would pi. the operator may select the light of the instrument, it can function as a
not have been practical or possible with- path configuration, the wavelength con- general-purpose laboratory computer.
out the integral involvement of the dedi- trol mode (fixed. scanning, stepped), and The instrument operator then uses the
cated computer. Current examples of the format in which the data will be ct"llitllt'S tc.altltog ,v'.,ii r~gtaItt to
,such instruments are three-dimensional recorded or displayed. However, before call tip the deised institinent proganis
tomography instrumenl and x-ray dif- a wavelength scanning program can be and execu te them. While this approach
fractometers. the Fourier transform ver- run. the operator usually provides the provides gir;ct adaptability and tlse.

sions of nuclear magnetic resonance desired wavelength range and scan rate; many ,tandaitd comptitei and piogram
(NMR). infrared, and mass spcctrome- it is the job of yet another computer modules, it rcquirc thal the instrument
ters. and the combination of capillary gas program to collect from the operator operator become a reasonably efficient
chromatography and mass spectrometry. those parameters needed for execution computer operator as well.
Further examples and possible ftture of the selected function. The complete Proc"sA contrkllert. A smart control-
directions for the transformation stage collection of programs for an instrument ler. on the other hand, need not look like
will be explored in later sections of this can be very complex. given the need to a computer at all. It can take various
article. select modes of operation and parameter other forms such as a calculator, a mi-

values and then to control one or more crowave oven timer, or an electronic
quantities while acquiring, processing. arcade game. In a smart controller, the

Turning Knobs into Keyboards and displaying data. There are many microprocessor part of a microcomputer
notential computer systems that will cre- (the CPU. at least) is interfaced through

Ihe functions and parametcrs of a a:c. cdit, store, select from, retrieve, and its bus to the instrument in the usual
traditonal insirument are controlled by execute the programs through which the way. The programs needed for the de-
the opcrator through a variety of knobs, instrument operate,. The most common sired instrument functions are contained
switlchcs. lsrs. and valves. From these choices lend to follow one or the other of in the processor's read-only memory
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11201611). ie ail for a ft a Speed The results produced by intelligent in-
(iem s sy te use 0 fiu strunments. however, still depend on the

fild dw eopw @Ym me o i JL Il lle p peatt of the cmpuer quality and quantity of data collected.

dloh minates the general-purpose c cmcs. of coirsc. from tIhilify (f te Advances in the analyical powc, of il-

poe's ability to support the revisie d CPU to follow a programmed sequece Slrlinienlalion can procced along two

lid pingrams or the compilation or new of siomple operations at great speed. Op- tracks. One is that of the chemomctri-

sues. Some smart controllers have i do appear to be intelligent, as cia who wants to make sure that all of

ehaqelable ROM modules by which the oppsasd W Jft fast, result from the the real information is extracted from

nmallacturer can provide new or revised lMy of e processor to branch to data. The other is that of the instrumen-

huneions. The keypad control panel md dfrent sections of the program depend- talist who explores the possibilities of

dply can provide simple function se- Mg on ae results of its previous opera- designing instruments that can provide

hotios by being directly labeled for the ties. In. instrumentation applications. more useful data. Both approaches are

commwands and messages appropriate for then, measrement or control prone- valuable and both depend, in their way,

the opuions available among the inuhvm- dures can be altered depending on the on the increased involvement of the

meat Ntnctions. The keypad buttons re- outcome of tests or measurements. The computer.

place similarly labeled dials and switches intelligence of the programmer in choos-
on the traditional instrument. Most %ci- iqn the actions that should follow given limsmuresats in N DImension
entitle instruments designed in the last conditions is then implemented in a dy-
few years include a microprocessor op- namic way during the functioning of the A major aspect of the transformation
erating as a smart controller. They pro- instrument. The ability of the processor stage is that the computer is freeing us of
vide significant economies in design and to test and branch (observe and respond? the limited number of variables that can
manufacture and can provide substantial on the microsecond time scale allows be accommodated by traditional instru-
performance advantages in application computer-based instruments to imple- menls. In a single-display instrument
(5). mat "human intelligence" in operations such as a ptl meter or photometer, all

Each of these two approaches to com- and processes at speeds that are far system parameters are fixed except the
puterized instruments has its advantages beyond human capability. The following one quantity being measured. It is as-
and disadvantages. The full computer are examples of intelligent capabilities sumed that the signal from the sensor is
with an operating system is powerful, that might be found in appropriately pro- interpretable to give the sought-for quan-
versatile, expandable, anti also relatively #rammed instruments: tity and is influenced by no other factors.
expensive and usually more demanding I) Will not execute an inappropriate However, there are always other factors
of the operator. Impatient with the some- command. that affect the detector output.
times tedious process of getting to the 2) Responds to high-level commands. Some affect the detector directly (as tern-
program to change a particular parame- 3) Aids operator in effective instru- perature and humidity can affect 'the
ter, some operators pine for the day ment use. characteristics of a strain gauge) and
%khen they could just reach up and twist a 4) Aids operator in interpreting data. some affect the measured system so as to
knob. By contrasl. the smart controller 5) Calibrates itself automatically, change the signal interpretation factors
is inexpensive, simpler to operate, and 6) Tests its own operation and diag- las solution temperature affects conduc-
inherently limited in function and expan. noses failure. tivity and pH measurements).
dability. Knowledgeable operators are 7) Dynamically optimizes data collec- Conmputer-enhace'd detection. When
sometimes frustrated with smart control- tion. only simple electronics and linear dis-
ler instruments because they cannot In each case, rather than blindly fo- plays were available, it was necessary to
modify an operation or check a suspect- lowing a predetermined sequence. the choose sensors with a linear response
ed problem in the data processing pro- computer makes decisions or interpreta- and a minimal sensitivity to uncontrolled
gram. If an instrument, such as gas chro- lions which make the instrument appear variables. The application of the comput-
matograph-mass spectrometer (.4C- to have some intelligence. For example, er to the processing of sensor signals

i MS), produces a large quantity o1 data, it in a photon or particle counter. a strate- opens many more options for mcasurc-
will require a data storage capability for gy can be implemented which adjusts the ment systems. The sensor output need
'shich a magnetic disk is currently the times for signal and background counting no longer he linear in the measured quan-
bet soltion. In ,uch a cae, disk iman- to maintain constant accuracy and re- lily: as long as the sensor output is
agtollla s',t4I alc is acqired and the full duces the overall experiment time by a consistent and single-valued, the com-

* compnter with operating system is gen- factor of 20 i6). Since an instrument's puter can interpret the data through a
cratly used to provide it. As more esperi- degree of intelligence (after it is com- formula or look-up table. It is also un-
cocc is gained and plligeioal% improve, pletely inlerfacedl depcnds so much oin necessary for the sensor output signal to
the complesity of the oiciealiog s. lel the program ophitication. more and stand out clearly from the background
can be masked fromn The operator h) a more of these intelligent functions are noise. The computer can average out
piogram that provides a %imple set of appearing in computer-based inslru- random noise or perform other correla-
olpions to the operator (like the smart ments. There are programs that help the lion functions on the signal to distinguish

* controller panel) and translatcs the oper- operator select and load the appropriate the noise at the sensor from the desired
alor's actions into appropriate com- data disk and programs that match spec- response. In some forms of NMR. it is
mands to the operating system. At the tra or retention times with library data, routine to average thousands of sample
same time. smart controller instruments label the data display. and write a report. responses to produce a spectrum that
cot,,ld he much more adaptable if new Self-calibration and self-diagnosis can would have been buried deeply in the

- R )M modnle1S could be programmed by greatly enhance reliability and reduce noise of a single response. Another point
the user with his laboratory computer. the required skill level of the operator. is that the computer can readily incorpo-
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rat Vmv~kse other than the OaWm smor *juso one or mare coordinates, a corn- mass spectrum. One of the principal ad-
nain ho dw e pol i n oess. plete nsdmesoulmdel of the re- vantages of the greater power or %ample

For savMt. th o ~eliee 4f ptaima spm5 is calculaed mmd presented. The characterization is that the greater %elec-
ion interferes with a sodium-specific isa impct of CAT on diagnostic medicine is tivity allows analyses to be performed
clectrode; an electrode specific to potus. dreedy dramatic. with much less elfort spent in sample
sium can be added to t he system and Ilhe The additional dimensions do not have preparation.
eatpas of both electrodes interpreted so ts be spatial, however, to be useful for A number of other muiltiiensional
give the concentrations of both ions. improved characterization. Any senso instruments have tl%(, been developed
Further complicating the problem, the that detects a different characteristic or recently. One example involvei excita-
mutual interference coefficients arc not Olle sample or subiect can provide a tion-emission fiuorescence. Figure 3 is a
czescity predictable, but evcn these cam useful dimension. The immense success data plot obtained In' lfershberger elal

*be determined by a standard additin of GC-MS is due to the combhination of (9) fromt an ins(tilment that proulces an
and taken into account in the calculation the high resolving power of GC retention emission spctrum lor a whole range (if
(7). In a simpler and recently commer- time with the highly distinctive chairac- excitation wavelengths. This results in

*cialized example, the temperature effect teristic of the mass spectrum. With an the three -dimensional plot shown. This
on the response factor in pH measure- associated computer. a GC-MS instru- is actually for a particular time in a
ments has been automated by a sensing ment records mass spectra at regular chromatographic clution. Thus this in-
system that combhines a temperature sen- increments of elution time throughout struiment is capable oif filling a four-
sor with the glass electrode. the OC run. The complete experimental dimensional data matrix.

Muiltidimensional instrunents. The data are then sometimes plotted to show A lhee-tlnwnsiiital inlistul~eit inl
application of the chart recorder to sci- their three dimensions-mass and timei wvhich two dimensions are mass is the
c ntific instruments brought about a sig- along the two axes in the horizontal rcently developed triple quiadriipole
nificant revolution in instrument design plane'and ion intensity as a contour mass spectronieler shown inl Fig. 4 (/0).
an(1 capabilities because it added the above that plane. Clearly. the three-di- In this instrument, ion%. from tile 50111ce

*capability of a second dimension in inea- mensional contour contains very much are mass-selected by the liust quadrupole
slrirncnts without the necessity ill re- more information abotut the sample than mass filter and then undergo an ion-
cording the data oin photographic hIm'i. exists in either the chroinatogram or the molecule reaction with neutral molecules
filhe minfornat it t)out put ilt our inst iu- Fig. 3. Three-dimen-
mnt increased dratnat ically (jus as a sional project ion of an
spec t ni n contain'. much I mo re inlorma- cf~ emission -e xcitation
lion than a single absot hance measure- 121matrix corresponding
memni. Inst sunent s t hat could not have rlto the chromato

* existed in one dinmension became;a possi- -graiphic peak of ben-
t I bility (for exampe the gschroniato- . zolalpyrene from a

p~e. d5 -%ample of shale oil.
graph). In an analogy ss ith "Htllund- 4~om (9)]
181. the computer tree. ot% from two . ., .

dimensions. latunching us into computer-
aided multidimensional sctentific percep. z-

lion. Sotne oif the most speictacular ad-
vances in scientific instrumentation in -

recent Nears have been in miultidimen- '~''..*.

sional instruments,.
One of the difliculties faced by the ~

creatures (if Flaitland is that. viewed -

edge-on, the other beings: which are all ~~-: --- ~ ~ .

regular polygons, look very much alike.
They madle a science of the techniques

for di-tingtiishing the shapes of others-
* a study in subtle clue% that required tnQa udctiif udPril

year,, to master. These same poI~gons source masse filler chamber masa filter rfllutpi-.
viewed from a third dimension above the ~ . . ~. ......

plane of Flaktland were, (if collt se. casi-______ - -

ly characterized oin sight. It is much the -- - '.---/

saime with multidimnrsional instru-
* ments-whi were subtle differences in Sample Ion Ion fragimentiation Product ion ton

tw dmninmastnotincer Ionization selectlon And/or reaction selection detection

distinction in three. A vivid example is
compluter-aided tomography (CAT). Pig. 4. Schematic or the triple quadrupole ma-s spctirometer iTQMS1 tons fromi ihe sou1rce
which resolves, the re-sponse to a stimu- that are mas-selected by the hrlrs qutadrupole mass filter undergie fratmenil~uion by collision

fitis into its three -dimensional spatial co- with neutral molecules in the quadrupote collision chamber. The mu'.'. spectrumn of the kinic

*ordinates. After the stimuolus is scanned reaction products is obtained by scanning the third quadrupole. I From 110).l1



b~ do 4~ quadnapole coffision cle immie ie allown (he detector's ,,. dimensional capability is used. the in-
be. If 06mevf qamdrpuls oneal tow hme wakik to be ow fo strumnsct investment per number or anail-
bak usmvils inedues but is mo nug. comme orcnpoen % of ineet yses performed is very large. This ccr-
wMheje. Scanning quadrupole threes For example, in the triple quadrupole (anfy rcstricts the applicabilily (of

pr.es he as spctrm f te it I mass spectrometer. the first and third multidimensional instruments for routine
riaitioi products. The resulting three- qum~upoles can be set to monitor a umple analysis, at least for now.
Aimensionat information array is showe powst-daughter mass combination Sh An alternative approach, which may
in Fil. 5 (11). The information in tIM in kfthly characteristic of a specific sam- follow after sullicieni experiencc with
ordiary mass spectrum of this cowa ple molecule. This can provide a very multidimensional insltioments. is to de-
pound, isopropanol. is only the peaks sersitive detector for such an individual velop intelligent control software for the
aloft the diagonal line in the foreground. componlent in a complex mixture. istrumfenit which would help it be selec-
The paent ion mass (selected by quadru. tive about the data that it collects. The
pole one), reaction product or daughter instrument could treat the N-dimension-
ion mass (selected by quadrupole three). Dab4 Cetion, Data Ansalysis, an al data matrix as, potential data but only
and ion intensity are the principal three I ge Cnrlpursue those parts or it that are relevant
dimnrsion%. Additional dimensions of in- heptCnrlto the desired measuirement goal. The
formation we have found useful are the The great power of multidimensional operator would specify in advance the
electron energy in the ion source, the instr'uments is also their limitation-that particular characteristics or the sample
kinetic energy of the parent ion, and the is, they can produce an immense amount that were being sought ort studied by the
collision gas pressure. There are also of data about a single sample. This poses measurement. This model is based on
possibilities for preselection by chroma- two kinds of problems.: it can takena long the fact that one usutally does not want to
tography or selective volatilization. and time to collect the dJa. .ind it can take a know everything about a sample. The
selective chemistry in the ionization large computer a long time to analyme fraction of the total possible data that
source and collision chamber. The total them. Tlhe total moumber of dat points in conttnbutei to the result of interest is
amount of information available from a the complete data matrix increases by often very small; for instance. studies

sinle ampe i ths eormusorders of mnagnitude fo~r cacti added di- have demonstrated that only a very small
It is not obvious at first that the greater mcnsion. 'The computer in the instru- fraction of the data in a mass spectrutm or

reslvig pweraffrde byaddng i- ment is essential to patiently perfo~rm the an infrared spectrum is needed for posi-
mensions to a technique can actually scanning of the several variable-, with tive idecntification of a pure compound
increase the sensitivity of that technique. reasonable efficiency. In some cases, the (12). Ideally, then, the analysis time
This is because, for most techniques, the same compuiter can analy/e thc data. but could be reduced by at very large factor
sensitivity (minimum detectable quantity for very large data has. large memory over the total matrix approach.
or properly) is limited not by the ability itnit disks are oeqtired. I ik can tie vet y A procedure that would seek out the
to tctct %maller amotnt%. but rather by eslwnsivc. bitt the .itkt native of %htip- most relevant data might begin by per-
the presence of other components in the ping the data niatrix it) a laige hatch forming some test,. for the classes of
syslem under stiudy that affect t he instru- com~ptitr removes the operator f'rom compounds or phenomena of interest.
mnln's, responsec. The ability to spread real-time interatction with the data proc. Only the positive results would be fol-
iniericring component% out in another essing. In any case. wvhen the full multi- lowed tip with increasingly %elective
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7
Ities toot terminate as s as mi live Coaweeaulioag .levadardls. Micro- cessors with independent memory and
iewailalion or accurate quauticatiom l' arc mow frequently used as functionality. but with shared communi-
ks made. " the original goal atemet process eontroflers in "smar' levices cation links and peripherals. At least one
leads to unsatisfying results. it must be that are intended to be connected to supplier of modular microcomputer
modified and the experiment repeated. Vineral-purpose computers. These are products (Intel) already %upports a well-
Thi approach would use the real-time subsystems of varying intelligence for developed system for parallel process-
decimion-making capability of the cow which the microprocessor was a conve- int. The power of parallel processing is
puter to the fullest in order to keep high , ment building block. Examples ofintelli- probably essential for intelligent real-
threughput without sacrificing the selec- psi subsystems include many computer time experimental control in multidimen-
tivity 'available in multidimensional in- peIripherals. graphics displays, data log- sional instrumentation, but even without
s tmments. It requires that the instr- lers. and a variety of electronic test the need for parallel execution, the sim-
memi parameters are tractable to cow- i.itruments. Scientific instrument mam- plification it affords in task mixing and
puter control and that the interpretation facturers are also beginning to think of priority-setting may make parallel proc-
times of the test results are short. I am instruments as elements in an extended essing attractive.
not aware of any instruments that follow information system rather than stand-
such a procedure at this time. but I alone devices (14. 15).
believe they will bc developed. Part of The development of standards for data Te Software Problem
this conviction is based on the fact that it communication among devices is greatly
is the computer implementation of the aiding this process. Two of these stan- The cost of computing hardware has
procedure scientists follow when faced dards are now dominant: the serial asyn- continued to plunge while computing*with a complex problem to solve (03). chronous communication link with AS- power and ease of interfacing have in-
The "try every combination" appioach CII-formatted data and the IEEE-4RV creased. This has made it increasingly
is only taken when analytical reason has standard bus for programmable instru- easy to put together the hardware to
failed. mentation (/6). The former is the "tele- perform complex operations. However.

I)strihuted Intelligence and type" standard for common computer the software required, especially for
peripherals, and the latter is a general varying combinations of complex opera-

Multiprocessor Systems purpose interface bus (GPIB). first de- tions. is not so easil% implemented. Thus

It was a m:ijor step when the computer signed by Hewlett-Packard to bring vari- as our expectations for the software have
entered the laboratory a, opposed to the ous combinations of generating and mca- increased and hardware costs have de-
lallofatori dalat being carried to the con- Miring instruments unde( common inutel- creased, software has rapidly become
puler. The concept of the "central" ligent control. Instrument and compiter the major expense and the limiting factor
computer has remained. however, even nmanufacttres now providc a -488" bi in the advancement of microcomputer
in the laboratory. When additional in- connection option fu almost 20M1) prod- applications. *rhe cost of software devel-
struments were computerized, they were ucts, which makes it relatively easy to opment is now estimated to be tore than
often iust "attached'* to the same mini- assemble cuo om intelligent systcms 80 percent of the total production cost of
computer after it was upgraded to handle from off-the-shelf components (17). the average computer-based productmultiple tasks and time-shared opera- Properly implemented. distributed intel- (18). This limitation can he even more

-: lions. This situation was common during ligence has the great advantage of allow- serious for scientific instrtmentation.
the attachment phase of computer appli- ing each processing task to be performed which lacks the economic base of the
cations. In the absorption phase a dedi- by the most effective processor for that word processor or arcade game markets.
cated compitter is rettred for each in- task. Fundamental hreakthroughs are requiredstrment, phich is economically feasible I',rl'Iio, '.uing. As IItOie (iuit'x to solve this problem. These could comestrii-ricrt. whch Iecono icaly fcaible jr~olel li-sof -.i ing.nssmoteraln areaxineverl are%.tinmost hfiwhihtthwith the microproccsor. In the mean- intruments aie developed. te lumber inmsever rs in mo sovhite
tinmc. scientists ha c become accus- oft high -specd and otlften ,,iill I neot computcr is invoked to aid in sholving its
tomed to the now powerful data process- iaks that need to be he performed can own problem. One area is in the develop-
ing. display, storage, and prograiming easily exceed the capabilities ofa micro- mi of programs that can write pro-

* capahility of the well-deeloped general- computer, or even a fairly sophisticated grims. The dci iption of the desiredprogram %koul fie givecn in staiemcn1%ptlipose computer. Of course, a micro- minicomputlet. It is not necessat) ti run more like English (/Q. 20) than like cur-piocessor can also be epanded to this all the tasks through a iiigte processor, rent computer languages. Another area
c apabilit u. ot then it i,,. in cost and fact. especially sincc the UPU is one (it tie is in the te s lop ti i t l Ic I ocont PI Ite"%
ithe same as a gencral-purpose computer. least expesive parts of the computer, that execute high-lscel piogiani duc.t-

Somic of the best of both worlds can be Multiple processor systems provide in- ly. Stich proccs,,mr, %\ill %fpccd c\cu-
achieved if the dedicated microprocessor creased computing power through simul- tion, simplify prograiming, and further
i,, connected. along with other micro- taneous task execution and simplifica- reduce hardsare requitrenen-, t21. Still
processor-hascd in,,trumrents, to the lion of the task-assignment software. another po%%bilol is the in'orpoation
timc-shared cormputet. 'I his larger com- Distributed intelligence systems are. of of more ask-specific hardware uch as a
puter can provide and share the expen- course, multiple processor systems. but data logger that does not have to be
sie functions if printing, plotting. sior- they are generally too loosely bound programmed.
are. and high-level processing wshile the i.,,ether to provide the concerted in-
(edincatedt microproces,,or tend,; the im- crease in computing power required by
'tm-dialc needs of its instrument. Ihesc the next generation of instruments. This
coomprise the first two levels in a hierar- will probably be met by parallel process-
chical sstem of distrihuted processing. ing systems-a clohsly linked set of pro-



lblknof Ulikewielnin~u in ow l"SiVtim~ws atall. if it were "o for Itlrnrmmi Nwes
Il iliitamy busm amd entertawiment I *t I Stlinea.I. A, wil 15. s4 j gqe,7j.

I have explored in this article poss-ible markets. What sck tt wosid not be 2. it V.* mihslI C. G. I like. %t R louh.
trends and capabiliticsi for inlelligent i.. ecited to have the graphics capability in Iikeniarnin,'iiununp. PtilAto. 0ohl.. 19mll.
strumnts in thc futitic. Ir such instn- (.Eh~nstrumentallion that is now commoA- I.C. G. Enke. Anyal. Chro 43. 69A (1'flt.

mcmii are to be availabhle to advasne place in arcade games? In order to help 1 Cn111r S.351t)cmtc
iactce and it) he applied in [he sochi dose the loop. scientists must he in 5. A F. Shacl. 11.11 Ap irrian 14. 43 (Aputl

fida of energy. health, and cniviroo- ~ vevd in the feedback from technolo" &. U#. I iland. ( Ltcroi. C. (G. Vnke. Anal.
mcml ho wil tcy e brugh ahtit wel asthefec fowar. ,(/ein 52. 714 (19501)
menl ho wil thy h brughtahol? wel asthefeedforard 7 . ichum. 1'. Jochum. B). Rt. Kowalski, thid.

Who is going to explore these directionis Unfortuniately. this h~ts it generailly 5.1. As tIsstI.
0. F A. Abb'ott. Fladr,,Il A Romnance 'if Atew

sthat a few years fromt now these new been recognized as an essential function I I- le. 2. 184. t)over. New York.
cpabilities will be available in our lab.- for scientists. A recent analysis. summa- 19%21.

9.L, W. Iier'hhcrpcr. J 11 ( alt... G, 1). (brs-ratonies? Just as fundamental work in riaed in Table 1, shows that many signifi- lian. Aval. ( hr, 53. '47t119811t

solid-state physics spawned the great cant scientific advances that have affect- 10 Rt. A. Yost and C. G Frike. thid. $1. 1251A

semiconductor revolution. science often ed scientific instrumentation have doie 11 ,-. An Lab. 13. XX (June 19$11.12. Rt. B. Lamn. S. J taint. T. L. Isenhour. Anal.explores and explain-, new phenomena so 10 to20 years after their first commer- Chem s 167r'9141
which the technological side of society cial use. Clearly. it is in the best interests. 13. ft. Hofs;,ier. GUsci. I-., hI-,. fla/h. An fricnmd

(whicip Ihid Vanage. Nc%.' York. 0199.then applies. This process is not strictly of science to shorten this cycle signifi- 14. 1) P 14,k and Ht %V Mar. Jr.. Ain. -inN.
one-way. however, because it is this cantly. This process could he aided IS. 66 fSeplerriher 19141)

1.S. Rt Grete and C. E. Sharrar. ibid.. p. 130.same technology that then supplies the greatly by ensuring that science students 16. J Miklos?. Flertr. Ene Tunt., (26 Octobertools(instument) necssaryfor te hae theopporunityFor Frmal duce191). lip, 3t-705.19it i~
lools instrments)necesary fo the ave th oppotunityfor frmal euc,-fTR. E Metzter. Eijfrot1 4 1911 ugs

next advances in science. We must rec- tion in the principles (of electronics. corn- 191).
ognize 199,that the side of this cycle that puter science, and statistical analysis. In 1979. P 'hre.Ie' rAn ti,.(9()ihr
reduces new science to practical devices the subdiscipline of instruimentation. 19 E Bride. .S,,ff-,wre Nc,, 1 . 2 (q Octot'cr 19m] i

214, Rt C Johnson. F.1, (nown, t54. 1917 Arril 19H 1).is driven by the economy, not by scien- well-prepared researchers xs ill comnhine 21 V (iti and MI Abram,. Compnr 14. 22 (lk-.
tific altruism or curiosity. That is why solid science with the principles of dlec- 22w. npasb te00co
the sophistication in computer-based of- tronic and com:tntalional data manipirla- Naval Research.
Fice equipment and entertainment de- lion to develop t he bases for t he tools we
vices is far beyond that in our latest need for the future. t' '"r all, if %&e are
instrumentation. It is somewhat sobering going to put iniciligenct. in scientific in-
to realize that we would not have ine strunsents, it should be the scientist's
grated circuit-; or microprocessors to use intelligence we put there.

Table 1. Typical areas of technological imnpikl (4).

Field Theory Inventions Use Instruments

Commiinict ions 18604-t9W) 1880-1920 1920-1940 1940-t1950
Distance measure 1 i0) 1940 1945-1955 19511-INA)
Drugs. 19(m) 1910-1940 19401I850 t196()-197(1
Control svstems 1930 1930-11940) 1950-19701 1960-1480i
Computation 1940 1940)-1960O 1930-1970 1970-19M4)
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